Kentucky
Transportation
Center
Research Report
KTC -12-16/SPR425-11-1F

New Coatings for Bridges
(Over-Coat System)

Our Mission
We provide services to the transportation community through research,
technology transfer and education. We create and participate in partnerships to
promote safe and effective transportation systems.

© 2013 University of Kentucky, Kentucky Transportation Center
Information may not be used, reproduced, or republished without our written consent.

Kentucky Transportation Center
176 Oliver H. Raymond Building
Lexington, KY 40506-0281
(859) 257-4513
fax (859) 257-1815
www.ktc.uky.edu

Research Report
KTC-12-16/SPR425-11-1F

NEW COATINGS FOR BRIDGES (OVER-COAT SYSTEMS)
By
Sudhir Palle
Senior Research Engineer
Theodore Hopwood II
Research Program Manager

And
Bobby W. Meade
Senior Research Technician

Kentucky Transportation Center
College of Engineering
University of Kentucky
Lexington, Kentucky

In cooperation with
Kentucky Transportation Cabinet
Commonwealth of Kentucky

The contents of this report reflect the views of the authors, who are responsible for the facts and accuracy of the data presented herein.
The contents do not necessarily reflect the official views or the policies of the University of Kentucky, the Kentucky Transportation
Center, nor the Federal Highway Administration. This report does not constitute a standard, specification, or regulation.

April 2013

1. Report No.

2.Government Accession No.

3. Recipient’s Catalog No.

KTC-12-16/SPR425-11-1F
4. Title and Subtitle

5. Report Date

October 2012

New Coatings for Bridges (Over-Coat Systems)
6. Performing Organization Code

7. Author(s) Sudhir Palle, and Theodore Hopwood

8. Performing Organization Report No.

KTC-12-16/SPR425-11-1F
9. Performing Organization Name and Address

10. Work Unit No. (TRAIS)

Kentucky Transportation Center
College of Engineering
University of Kentucky
Lexington, KY 40506-0043

11. Contractor Grant No.

12. Sponsoring Agency Name and Address

13. Type of Report and Period Covered

KTC-12-16/SPR425-11-1F

Kentucky Transportation Cabinet
State Office Building
Frankfort, KY40622

Final
14. Sponsoring Agency Code

15. Supplementary Notes
Prepared in cooperation with the Kentucky Transportation Cabinet, Federal Highway Administration, and U.S.
Department of Transportation. Study Title: New Coatings for Bridges (Over-Coat Systems)
16. Abstract
KYTC sought to identify new coatings technologies consistent with overcoating that offer enhancements in terms
of ease of application and performance. KYTC contacted paint manufacturers to obtain sample coating systems for
characterization by the KYTC Division of Materials and accelerated performance testing by Kentucky
Transportation Center (KTC). A total of 14 coating systems from five manufacturers underwent performance
testing according to ASTM D5894.

17. Key Words
Accelerated Testing, Bridges, Coatings, Corrosion, Overcoating, Steel,
Weathering

19. Security Classif. (of this report)
Unclassified

20. Security Classif. (of this page)
Unclassified

II

18. Distribution Statement

Unlimited with the
approval of the Kentucky
Transportation Cabinet
21. No. of Pages
21

22. Price

TABLE OF CONTENTS
TABLE OF CONTENTS .................................................................................................. III
LIST OF TABLES ............................................................................................................ IV
LIST OF FIGURES ........................................................................................................... V
ACKNOWLEDGEMENTS .............................................................................................. VI
EXECUTIVE SUMMARY ............................................................................................. VII
1. INTRODUCTION ....................................................................................................... 1
1.1 BACKGROUND ...................................................................................................... 1
1.2 STUDY TASKS........................................................................................................ 1
2. EXPERIMENTAL COATINGS TESTING ................................................................ 3
2.1 LABORATORY PERFORMANCE TESTING ....................................................... 3
2.2 LABORATORY PERFORMANCE EVALUATION .............................................. 4
3. CONCLUSIONS ......................................................................................................... 5
4. REFERENCES ............................................................................................................ 5
5. TABLES ...................................................................................................................... 6
6. FIGURES..................................................................................................................... 8
7. APPENDIX A – ADDITIONAL COATINGS INVESTIGATIONS ....................... 13

III

LIST OF TABLES
Table 1. Coatings Systems Supplied by Manufacturers ..................................................... 6
Table 2. Evaluation results for Coating Systems at 5000 hours. ........................................ 7

IV

LIST OF FIGURES
Figure 1. Scribing a painted panel. ..................................................................................... 8
Figure 2. Dry film thickness readings being performed on coated panel. .......................... 8
Figure 3. Gloss readings being performed on a coated panel. ............................................ 9
Figure 4. Color readings being performed on a coated panel. ............................................ 9
Figure 5. Test panels in Q-Panel Accelerated Weathering (QUV) Tester. ....................... 10
Figure 6. Test panels in Q-Panel Cyclic Corrosion (Q-Fog) Tester. ................................ 10
Figure 7. Panels after preparation to evaluate for rust undercutting. ................................ 11
Figure 8. Pictures of test panels P and Q with scribe cuts before accelerated weathering
testing. ............................................................................................................................... 12
Figure 9. Pictures of test panels P and Q after 5000 hours of accelerated weathering
testing. ............................................................................................................................... 12

V

ACKNOWLEDGEMENTS
The authors would like to thank the KYTC Study Advisory Committee members who
assisted on this study. They include: Tom Mathews (Division of Maintenance), Mike
Baase (Division of Construction), and Derrick Castle (Division of Materials).

VI

EXECUTIVE SUMMARY
From 1990 until 2000, the Kentucky Transportation Cabinet (KYTC) exclusively
employed overcoating for maintenance painting of steel bridges. From 2000 to 2003
overcoating and removal/replacement practices were employed. For the last decade, the
cost of total removal/replacement was competitive with overcoating from a life-cycle cost
standpoint and subsequently supplanted overcoating as the predominant KYTC
maintenance painting practice. Over recent years, the costs of total removal/replacement
have increased significantly compared to overcoating, making the latter coating option
more economically feasible. KYTC is planning to conduct more bridge maintenance
painting projects utilizing overcoating. However, prior to the start of this research project,
KYTC had not updated its qualified products list for overcoating systems in the past
seven years and many of the coatings on that list were no longer available.
KYTC needed to conduct a new performance test program for coatings systems
intended for overcoating to create an up-to-date qualified products list for use on future
bridge maintenance painting projects. As part of this effort, KYTC sought to identify new
coatings technologies consistent with overcoating that offered enhancements in terms of
ease of application and performance. To initiate that process, KYTC contacted paint
manufacturers to obtain sample coating systems for characterization by the KYTC
Division of Materials and accelerated performance testing by Kentucky Transportation
Center (KTC). KTC was to subsequently assist KYTC in development of specifications
for experimental maintenance painting projects using coatings systems that have met
KYTC accelerated testing performance criteria.
A total of 14 coating systems from five manufacturers underwent performance
testing using ASTM D5894 – Standard Practice for Cyclic Salt Fog/QUV Exposure of
Painted Metal. KTC personnel used Standard Operating Procedures (SOPs) that detailed
the work to be performed from receipt of the coatings systems through testing, evaluation
and reporting (including timelines for report submittal). Those were used to maintain
consistency and a documented process for materials handling, sample preparation,
coating application, curing and specimen preparation, testing and pre-and post-test
evaluations. The SOPs served as the basis for all work conducted under this research
project.
Performance of the protective coatings was subsequently evaluated using ASTM
D 610 – 08 – Standard Practice for Evaluating Degree of Rusting on Painted Steel
Surfaces/SSPC Guide to Visual Standard No. 2. Measurements were also taken of gloss
(per ASTM D 523 – Standard Test Method for Specular Gloss), blistering (per ASTM D
714-02 – Standard Test Method for Evaluating Degree of Blistering of Paints), scribe
undercutting (per ASTM D 1654 – Standard Test Method for Evaluation of Painted or
Coated Specimens Subjected to Corrosive Environments), and color (per ASTM E 308 –
Standard Practice for Computing the Colors of Objects by Using the CIE System).

VII

1. INTRODUCTION
1.1 BACKGROUND
From 1990 until 2000, the Kentucky Transportation Cabinet (KYTC) exclusively
employed overcoating for maintenance painting of steel bridges. From 2000 to 2003
overcoating and removal/replacement practices were employed. For the last decade, the
cost of total removal was competitive with overcoating from a life-cycle cost standpoint
and subsequently supplanted overcoating as the predominant KYTC maintenance
painting practice. Over recent years, the costs of total removal/replacement have
increased significantly compared to overcoating, making the latter more economically
feasible. KYTC is planning to conduct more bridge maintenance painting projects
utilizing overcoating. However, prior to the start of this project, KYTC had not updated
its qualified products list for overcoating systems in the past seven years and many of the
coatings on that list were no longer available.
KYTC needed to conduct a new performance test program for coatings systems
intended for overcoating to create an up-to-date qualified products list for use on future
bridge maintenance painting projects. As part of this effort, KYTC sought to identify new
coatings technologies consistent with overcoating that offered enhancements in terms of
ease of application and performance. To initiate that process, KYTC contacted paint
manufacturers to obtain sample coating systems for characterization by the KYTC
Division of Materials and accelerated performance testing by Kentucky Transportation
Center (KTC). KTC was to subsequently assist KYTC in development of specifications
for experimental maintenance painting projects using coatings systems that have met
KYTC accelerated testing performance criteria. That work was conducted under this
study.

1.2 STUDY TASKS
The following tasks were proposed for the study:
1. Identify new/improved coatings systems for use on overcoating operations.
2. Obtain samples of selected coatings systems and subject to materials characterization
at the KYTC Division of Materials.
3. Perform accelerated weathering/corrosion testing at the KTC coatings laboratory.
4. Provide test data for KYTC to evaluate and incorporate into an updated overcoating
system qualified products list.
5. Assist KYTC in the preparation of specifications for experimental bridge
maintenance painting projects incorporating these coatings.
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KYTC Division of Materials personnel solicited overcoating systems for structural
steel from coatings manufacturers in third quarter of 2010. They were asked to provide a
kit to KYTC Division of Materials for chemical evaluation and another to KTC for
performance evaluation (accelerated weathering and corrosion protection of steel). Five
manufacturers supplied coatings systems for the tests. Sherwin Williams® provided three
overcoating systems including a proprietary system (T) that was used as a test reference.
The coatings systems J, V, W, X, Y and Z are the coating systems provided by Sherwin
Williams®. PPG provided the coating systems P and Q. Devoe® provided the coatings
systems K and L. International® provided the coatings systems M and N. Carboline®
provided the coatings systems R and S. The overcoat systems provided to KTC are
shown in Table 1.
KTC personnel prepared test panels incorporating a low copper-equivalent steel
for spray out by abrasive blasting. That material was used to provide steel with consistent
corrosion properties when exposed to aqueous solutions in accelerated coatings
performance testing.
KTC personnel applied the overcoat systems by airless spraying in an enclosed
booth under guidance from KYTC Division of Materials and manufacturer
representatives who were invited to verify proper application of their respective coating
systems. At the direction of KYTC the overcoat systems were applied on zinc primers to
replicate the condition of bridges that are selected for overcoating. It also gives insight on
how overcoat systems perform over existing three coat systems. Companion panels were
coated with the KYTC standard specification polyurethane coatings system. During and
after the coatings application process, KTC technicians measured the coating thicknesses
and determined the suitability of the painted panels for representative performance testing
of the coatings (i.e., that each specific coat was in the specified coating thickness range
free from defects).
After curing for four weeks and preparation for performance testing, three panels
of each three-coat system and six panels of each two-coat system and the KYTC standard
system were tested for accelerated weathering (QUV) and accelerated corrosion
(Prohesion) in accordance with ASTM D 5894. A more detailed laboratory testing and
evaluation is described in section 2.1 and 2.2. Only three panels of the three-coat system
were tested as KYTC officials were primarily interested in how those systems performed
in rust undercutting. Those tests were performed in 168-hour (1 week) time blocks in
each chamber in the order: QUV testing followed by Prohesion testing. After each 1,008
hours of tests (six weeks), the test panels were removed from the test cycle and
photographs taken. The testing ran for 5,040 hours (30 weeks).
KTC personnel had developed SOPs for testing, evaluation and reporting work
performed on coating systems at the KTC laboratory. The purpose of the SOP is to
maintain consistency and a documented process for materials handling, sample prep, and
coating application. Performance of the protective coatings was evaluated using ASTM D
610 – 08/SSPC Guide to Visual Standard No. 2. Measurements were also taken of gloss
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(per ASTM D 523), blistering (per ASTM D 714-87), scribe undercutting (per ASTM D
1654), and color (per ASTM E 308).

2. EXPERIMENTAL COATINGS TESTING
2.1 LABORATORY PERFORMANCE TESTING
KYTC Division of Materials personnel performed chemical analysis of the coatings to
assure that they conformed to manufacturer and/or KYTC specifications. To achieve high
confidence in the performance test results, each experimental coating system was applied
to ten panels. Those with application flaws were discarded and the best six panels for
each coatings system were selected for testing. A proprietary coating system was used as
the control (reference) system in each test run (Table 1). The control system was a threecoat system with zinc primer and was used as a calibration tool for the test equipment
used in performance testing of various coating systems. KYTC had previous data for the
control system.
To perform the necessary tests, 4 in x 6 in x 3/16 in low-carbon steel test panels
were used with one face abrasively blasted to an SSPC-VIS 1 SP5 white metal blast and a
2-4 mil anchor profile. The coatings were applied per manufacturer’s recommendations
at the KTC paint lab using airless spraying. During coating application, ambient
condition readings were taken periodically to ensure conformity with manufacturer
requirements. A prime coat was applied to both the front and back faces of the test panel
for corrosion protection during the test procedure. Thereafter, only the test side of the
panels received the subsequent coats of paint. All coatings were applied by spraying
within the recoat times specified by the manufacturer. During painting, frequent wet film
measurements were taken to determine whether the dry-film coating thicknesses would
be within manufacturer requirements.
The painted panels were cured for 25-30 days at room temperature (70 – 75oF)
and humidity (50 – 55 percent) prior to the onset of laboratory testing. Prior to testing, the
coupons were photographed and two parallel 2-inch scribe marks were placed near both
6-inch edges of the panels using a carbide tipped cutter having a 60o included angle
(Figure 1). The scribe cuts penetrated through the coatings down to the steel. Three test
panels were scribed to evaluate rust undercutting and at least three panels were left
unscribed to evaluate blistering and field rusting.
The panel edges were taped to protect against premature coating failure and
contamination of the evaluation area. A dry film thickness (DFT) gage was used for
preliminary thickness measurement of the coatings (Figure 2). DFT’s were taken after
each coat was applied and cured. DFT’s of each individual coat were derived by taking
the total DFT and subtracting DFT’s of the underlying coats. Measurements were taken
of the initial gloss using a 20°/60° gloss meter in conformance with ASTM D523 - 08
Standard Test Method for Specular Gloss (Figure 3). Measurements were taken of the
3

initial color using a 45°/0° color guide in conformance with ASTM E308 – 01 (Figure 4).
After curing, the panels were subjected to accelerated weathering/corrosion testing per
ASTM D5894 - 05 Standard Practice for Cyclic Salt Fog/UV Exposure of Painted Metal,
(Alternating Exposures in a Fog/Dry Cabinet and a UV/Condensation Cabinet) which
incorporates accelerated weathering (cyclic UV/humidity) and corrosion (cyclic
condensation/evaporation).
The test cycle began with the accelerated weathering (QUV) cyclic tests. Panels
were tested in the QUVs for one-week periods (168 hours) and then moved to the (QFog) chamber for a week-long test. Thereafter, the panels were alternated between the
QUV and Prohesion chambers for another week-long test block. The tests were briefly
stopped at six week intervals (1,008 hours) to take photographs of the panels. The tests
were run for five six-week intervals and completed after a total of 5,040 hours of testing.
During the accelerated weathering portion of the ASTM D 5894 test, a Q-Panel
QUV Accelerated Weathering Tester was employed (Figure 5). A single QUV test cycle
consisted of a four hour UV exposure cycle with UVA-340 lamps set at normal irradiance
at 60o C alternated with a four-hour condensation cycle at 50o C.
Corrosion tests were performed in a Q-Panel Q-Fog Cyclic Corrosion Tester
(Figure 6). The test employed an electrolyte solution of de-ionized water with 0.05
percent sodium chloride, and 0.035 percent ammonium sulfate (by weight). A single QFog test cycle consisted of a one hour condensation of the electrolyte followed by a one
hour drying period (evaporation). Prohesion tests were performed at room temperature
(approximately 20o C).
An additional set of test panels were run with single topcoats over organic zinc
primed and galvanized steel panels. That work was done to familiarize KYTC and KTC
personnel with preparing and testing duplex coatings systems. The results of those tests
are presented in Appendix A.

2.2 LABORATORY PERFORMANCE EVALUATION
Performance of the protective coatings was evaluated using ASTM D 610 – 01/SSPC
Guide to Visual Standard No. 2 Guide to Standard Method of Evaluating Degree of
Rusting of Painted Steel Surfaces. Measurements were also taken of gloss (per ASTM D523), blistering (per ASTM D-714-87), scribe undercutting (per ASTM D-1654), and
color (per ASTM E-308). Rust creep was evaluated by measuring at five mm intervals
on both the right and left side of the scribe (Figure 7). Rust creep was measured in
millimeters from the center of the scribe, and an average of those readings determined the
total creep for that panel. Rust creep for a coating system was established by averaging
the readings from the three panels. The resulting laboratory data-percent rust, amount of
scribe undercutting, performed after scraping, percent blistering, 20°/60° gloss, and color
were correlated versus test durations (Table 2). KYTC and KTC personnel reviewed the
data and identified the coatings systems that performed satisfactorily.
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3. CONCLUSIONS
The test/evaluations shown in Table 2 were provided to KYTC for review and
determination about placing those coatings systems in a list of approved materials.
KYTC/KTC coatings performance and acceptance testing provides a mechanism
for assuring new coatings used on KYTC maintenance painting projects can perform
successfully. The testing program is evolving with continued modifications to both test
processes. Currently, the testing is used to evaluate coatings used in the next two to five
years. Future tests will be intended to identify new coatings that will be mandated by
more restrictive regulations. That will place KYTC in a proactive position for responding
to regulatory changes.
In the future, KYTC and KTC will investigate new and emerging coating
technologies that offer significant performance enhancements over conventional organic
coatings. Among the anticipated benefits of the new coatings are more durable coatings,
better corrosion resistance, longer gloss and color retention and reduced environmental
impacts.
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5. TABLES
Applied in
December 2010
Sherwin Williams

J

Primer

Coating System
Intermediate

Top Coat

Z

Corothane I HB
Fast Clad HB
Zinc Clad III
(White)
Zinc Clad III
Macropoxy 920
Corothane I
Macropoxy 920
Galv Pac
Macropoxy 920
Corothane I
Corothane I HB
Galv Pac
Zinc Clad III
Corothane I HB

P
Q

Amercoat 68HS Pitt-Tech (White)
Pitt-Tech (White)

Pitt-Tech (Gray)
Pitt-Tech (Gray)

K
L

Cathacoat 313
Bar-Rust 231
Bar-Rust 231

Devthane 379 UVA
Devthane 379 UVA

T*
V
W
X
Y

Corothane I HB
Fast Clad HB (Gray)
Acrolon 218 HS
Acrolon 218 HS
Acrolon 218 HS
Corothane I HB
Corothane I HB

PPG

Devoe

International

M
N

Interzinc 52
Interseal 670HS
Interseal 670HS

Interthane 870 UHS
Interthane 870 UHS

Carboline

R
S
*

Carbocrylic 3359
Carbocrylic 3359 DTM (Gray)
DTM (White)
Carbocrylic 3359 DTM (White)
Carbocrylic 3359 DTM (Gray)
Denotes the KYTC standard specification control systems

Carbozinc 859

Table 1. Coatings Systems Supplied by Manufacturers
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o

Sherwin Williams

J
T*
V
W
X
Y
Z

60 Gloss
Measurement
Initial
5000 Hrs.

Blister
Rating
5000 Hrs.

Degree of
Rust
5000 Hrs.

Rust Undercutting
in mm
5000 Hrs.

6.66
2.26
4.00
3.68
11.39
2.41
2.27

60.13
33.58

6.2
6.2

10
10

10
10

40.64

13.6

10

10

PPG

P
Q

59.67

1.5

10

10

5.32
4.26

10

5.41
5.72

10

5.95
4.37

Devoe

K
L

85.74

46.0

10

International

M
N

65.07

15.3

10

Carboline

R
S
*

4.23
60.09
13.9
10
10
4.12
Denotes the KYTC standard specification control systems

Table 2. Evaluation results for Coating Systems at 5000 hours.
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6. FIGURES

Figure 1. Scribing a painted panel.

Figure 2. Dry film thickness readings being performed on coated panel.
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Figure 3. Gloss readings being performed on a coated panel.

Figure 4. Color readings being performed on a coated panel.
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Figure 5. Test panels in Q-Panel Accelerated Weathering (QUV) Tester.

Figure 6. Test panels in Q-Panel Cyclic Corrosion (Q-Fog) Tester.
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Figure 7. Panels after preparation to evaluate for rust undercutting.
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Figure 8. Pictures of test panels P and Q with scribe cuts before accelerated weathering testing.

Figure 9. Pictures of test panels P and Q after 5000 hours of accelerated weathering testing.
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7. APPENDIX A – ADDITIONAL COATINGS
INVESTIGATIONS
In 2012, seven coating systems were tested for comparison to duplex systems. Two coat systems
were applied on low carbon steel test panels and just the top coats of those seven systems were
applied on galvanized panels to replicate the duplex coatings. The coating systems supplied by
different manufacturers are shown in the below table. The test results are in the table on the next
page. Panels from PPG (K and M) were sent for further evaluation to American Galvanizers
Association.
Applied in
January 2012
Sherwin Williams

A*
B
C (Galvanized)
D
E (Galvanized)
F
G (Galvanized)

Coating System
Primer

Intermediate

Zinc Clad III
Zinc Clad III

Top Coat

Acrolon 218 HS
Fast Clad Urethane II
Fast Clad Urethane II
Acrolon 100 Urethane (Water Based)
Acrolon 100 Urethane (Water Based)
Self-Start Acrylic (Water Based)
Self-Start Acrylic (Water Based)

Zinc Clad III
Zinc Clad III

PPG

H
J (Galvanized)
K
L (Galvanized)
M
N (Galvanized)

68HS

PSX ONE
PSX ONE
Durethane DTM 95-3300 Series
Durethane DTM 95-3300 Series
Polyaspartic
Polyaspartic

68HS
68HS

EPC

P
Q (Galvanized)
*

EZ-2800

E-900 Fluor. – Aliphatic Polyaspartic
E-900 Fluor. – Aliphatic Polyaspartic
Denotes the KYTC standard specification control systems
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Sherwin Williams

A*
B
C (Galvanized)
D
E (Galvanized)
F
G (Galvanized)

60 Gloss
Measurement
Initial
5000 Hrs.

Blister
Rating
5000 Hrs.

Degree of
Rust
5000 Hrs.

Rust Undercutting
in mm
5000 Hrs.

29.16
14.66
19.72
70.29
67.18
28.19
25.84

17.6
6.2
6.4
54.4
8.0
2.7
2.1

10
10
6
10
6
6
6

8.7
10
10
10
10
6
10

2.71
5.39
0.43
2.36
0.76
1.04
0

36.27
35.37
71.46
71.90
76.63
72.71

15.1
6.6
51.6
44.5
41.1
32.6

6
4
10
10
10
10

10
10
10
10
10
10

5.36
0.88
5.21
0.63
5.71
1.44

PPG

H
J (Galvanized)
K
L (Galvanized)
M
N (Galvanized)
EPC

P
Q (Galvanized)
*

40.52
40
10
10
4.56
60.72
20.2
6
10
0.61
Denotes the KYTC standard specification control systems
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